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Abstract 
The purpose of this paper is to investigate the volatility of forward contract price during different phases and holding periods 
in dry bulk shipping market, which could be helpful for the hedging and portfolio on the shipping market. This paper applies 
the Stochastic Volatility model to analyze the volatility, and the parameters of the model are estimated via the software 
package of Bayesian inference using Gibbbs sampling. The empirical results based on the daily price of Panamax forward 
freight agreement from 3 Jan 2006 to 13 Aus 2010 suggest that there are different stabilities, volatility persistence and trading 
active degrees in different conditions. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction 
The Forward Freight Agreements (FFAs) are one forward contract, in which the route or routes, quantity of 
cargo, size of ship and future time are fixed, and the settlement is differences of in cash between Baltic freight 
indexes or Platts oil freight index and contract price. From the Baltic Exchange, they primarily transacted on a 
cleared basis and will normally be based on the terms and conditions of the FFABA standard contracts as adapted 
by the various clearing houses. They are one tool of risk management. 
Due to the characters of FFAs, it could find that there is much information in the price, though it is important 
to investigate the price volatility for the traders, which could help understand price mechanism, market 
information transmission, market operation efficiency, and so on. So the FFAs are paid more attention by traders 
and researchers. 
Kavussanos(1999, 2005) analyzes unbiasedness of over-the-counter FFAs by conintegration test, and the 
results show that one and two moths FFAs prices are unbiased estimate of spot price, for the tree moths, Panamax 
Pacific route is the unbiased, yet Panamax Atlantic route is not, which displays the unbiased hypothesis is depend 
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on market characteristics, including route, forward, and so on. Peter (2010) researches the efficiency of FFAs 
market by unbiased analysis between FFAs and spot price using Baltic Panamax freight indices with residual 
multiple likelihood ratio method based on Johanse conintegration tests from statistics and economy, finding that it 
is effective. 
Batchelor (2007) forecasts spot and FFAs markets with various measurement methods, such as Multivariable 
Vector Auto Regression Model, Auto Regression Move Average Model, Vector Error Correction Model, and it 
gets that there is more information in FFAs than the spot, which help to forecast the spot market, otherwise, there 
is little effect. Kavussanos (2004) investigates the relationship between FFAs and spot return with GJR-GARCH 
model ([Glosten, Jagannathan, and Runkle (1993)], Generalized Autoregressive Conditional Heteroskedasticity), 
using Panamax Atlantic and Pacific routes, and found that there is remarkable changes for the introduction of 
FFAs in Atlantic routes.  
Angelidis (2008) proposes that freight rate risk is an important risk for hedgers, manufacturers and merchants, 
and the parametric and nonparametric Value at Risk method is used to measure the risk in dry bulk and tanker 
market. The results show that the nonparametric is nice, and the risk in tankers market is high. Zhang and Yang 
(2006) analyze the uncertainty in dry bulk shipping market, and introduce the FFAs and the function of risk 
management. In the end, they suggest more ship owners and charters apply FFAs to manage risk. Jiang and Wang 
(2003) research the hedging function of FFAs and freight index future, and consider that it is to diversify risk by 
lock freight income or outcome. Duan (2007) considers that there is correlation and homosplasy between spot and 
FFAs prices, which is the basis of hedging with FFAs. 
Above all, there are many literatures on FFAs, including efficiency, correlations with spot market, hedging, 
and so on. Yet there is few to compare to different phases, such as the increasing and decreasing, also different 
holding periods, such as 1month and 3moths. So the paper studies the volatility of FFAs in dry bulk shipping 
market, comparing to different phases and holing periods. The remainder of this paper is structured as follows: 
Section 2 presents the theoretical framework and stochastic volatility model. Section 3 is the data and empirical 
results. Section 4 concludes the paper. 
 
2. 2. Methodology 
The paper applies the stochastic volatility model to investigate the volatility of FFAs price in dry bulk shipping 
market, which is considered a nice heteroscedasticity model, characterizing the leptokurtosis and fat tail, leverage 
effect, of time series well. (Zhang, 2004) It is one of the important models to study volatility, and the random 
process is introduced into equality of variance. Stochastic volatility model is from the theory of Black-Scholes 
option pricing partly, and it is supposed that the price obeys to logarithmic normal distribution or geometric 
Brown motion, then, 
ttstst dwSdtSdS                                                             (1) 
St stands for the price, and μs and s are the constant. It is known that there are some shortcomings in the 
Black-Scholes, yet it is being applied more broadly. Hull and White (1987) introduce the stochastic volatility into 
the Black-Scholes. 
ttsstt dwdtSdS /                                                            (2) 
Here, 
0,st t T 0.t t T
w  are standalone Markov Chain, and constant s is time-varying parameter 
st with t . 
Taylor (1986) proposes discrete time stochastic volatility model, to characterize price volatility in finance 
market, and it includes two white noise processes for observed value and potential fluctuation. And then Clark 
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(1973) Talor (1986), Harvey and  Ruiz (1994) , Shephard (1998), Jacquier et al (1994) all have done papers on 
it, and introduce it into econometrics. Stochastic volatility model include mean and variance equations, see (3) 
and (4). 
2 , 1, ,
th
t ty e t T                                                                      (3) 
ttt hh 1                                                                 (4) 
Where, t and t
h
 are white noise series, no relativity. There is no correlation between t and t
h
 . t  
is the stochastic error, and th  is series of unobservable. ty is FFAs return.  are constant, and  is 
parameter of volatility persistence, reflecting an influence of these changes to the future, 
1
. Generally, 
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2nidnid tt ( nid  stand for independently identically distribution). 
2
is an 
unknown term. th could be expanded to an Auto-Regressive and Moving Average Model (ARMA). 
In the model, ty  is a martingale difference process, and th  is steady. If t  obey to normal distribution, 
then 2/expexp
22
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In the equation of (5) and (6), 
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Here, 
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, yet ,2,1,0,,h is the ACF of th . If 2C , C  is the kurtosis coefficient of 
C
ty . 
Generally, 
2)2/12/(/)2/1()2/1( CCC 0C . But 
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C
, 0,2/ CC , 
when t obey to t distribution, with the degree of freedom . 
Also, the stochastic volatility model could convert to linear expression according to this formula,
2ln tt yz , 
then, 
222 lnlnln tttt hyz , or tttt hyz
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distribution with the degree of freedom , hence tt klnlnln
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There are some specifics in stochastic volatility model against another heteroscedasticity model, 
Autoregressive Conditional Heteroskedasticity (ARCH) model. Firstly, there are two white noise processes. 
Secondly, conditional variance 
2
t is a linear function with
2
1t and
2
1t , a random process. Thirdly, there is high 
kurtosis, 
31/exp3exp 22222
4
k
yE
yEk
t
t
y
.  
3. Data and Empirical Results 
3.1. Data Selection and Statistical Analysis 
Dry bulk FFAs trading routes cover the four ship types, Capesize, Panamax, Supramax, Handy, according to 
Baltic Exchange, the details are in table 1.  
Tab. 1 the Information of Dry FFAs 
Route Segment Route Definition Size(104DWT) 
C3 Capesize Tubarao/Qingdao 15 
C4 Capesize Richards Bay/Rotterdam 15 
C5 Capesize W Australia/Qingdao 15 
C7 Capesize Bolivar/Rotterdam 15 
BCIT/C average Capesize Time Charter Average 17.2 
P1a Panamax Trans Atlantic 7.4 
P2a Panamax Cont Trip Far East 7.4 
P3a Panamax Trans pacific round voyage 7.4 
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BPI T/C average Panamax Time Charter Average 7.4
BSI T/C average Supramax Time Charter Average 5.2
BHSI T/C average Handy Time Charter Average 2.8
The paper chooses p2a and p3a (Panamax) routes as the object of study, for it is the long history, and the
market is fairly mature. And the trading is active for 1and 3 moths FFAs, which are one of the research contents. 
The daily data are from Baltic Exchange, covering from 3 Jan 2006 to 13 Aug 2010. It is seen in figure 1, and the 
returns are in figure 2 to 5. From the figure 1, the price was increasing in 2006, higher in 2007 and early 2008,
but it decreased rapidly to lowest in the second half year of 2008, dramatically, and then rise slightly in 2009 and 
2010. Is there any difference on volatility between the increasing and decreasing period? So the paper compares
increasing and decreasing volatility period, understanding the volatilities in different periods, to help traders
make some decisions. We consider that the price of 9 Jul 2008 is the cut-off where the increasing and decreasing,
for the reasons are: (a) it started down from the high, (b) the sample numbers are much different between the two
periods to compare. And, in the paper, the increasing period including both increasing and decreasing, but the 
decreasing price is also in high level, similarly the decreasing period. It is the volatility, so it is called increasing
volatility period and decreasing volatility period in the paper.
Fig. 1 FFA Price of P2a and P3a
Fig. 2 FFA Return of P2a1mon
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Fig.3 FFA Return of P2a 3mon
Fig. 4 FFA Return of P3a1mon
Fig. 5 FFA Return of P3a3mon
Analysis of statistic character and unit root test are the based on volatility of FFAs price, the results are in table
2 and 3 with Eviews software.
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Tab.  2 the Statistic Characters of  Return 
 P2a1mon Up2a1mon Dp2a1mon P2a3mon Up2a3mon Dp2a3mon 
Sample 1155 631 524 1155 631 524 
Mean 0.0005 0.0002 -0.0017 0.0005 0.0023 -0.0017 
Median 0.0014 0.0022 -0.0001 0.0010 0.0022 -0.0009 
Max 0.1354 0.0649 0.1354 0.0964 0.0586 0.0964 
Min -0.1125 -0.0979 -0.0025 -0.1182 -0.0542 -0.1182 
SD 0.0271 0.0188 0.0344 0.0239 0.0164 0.0304 
Skewness -0.1813 -0.2335 -0.0141 -0.5064 -0.0910 -0.3713 
kurtosis 6.0693 4.5607 4.6276 6.7885 4.0804 5.1238 
J-B 459.6985 69.7776 57.8524 740.0708 31.5585 110.5182 
 P3a1mon Up3a1mon Dp3a1mon P3a3mon Up3a3mon Dp3a3mon 
Sample 1155 631 524 1155 631 524 
Mean 0.0002 0.0021 -0.0021 0.0003 0.0022 -0.0020 
Median 0.0005 0.0016 -0.0010 0.0008 0.0016 -0.0009 
Max 0.2266 0.0992 0.2266 0.1739 0.0770 0.1739 
Min -0.1681 -0.0896 -0.1681 -0.1610 -0.0813 -0.1610 
SD 0.0350 0.0223 0.0458 0.0295 0.0191 0.0383 
Skewness 0.1721 0.0214 0.2822 -0.4015 -0.1858 -0.2401 
kurtosis 8.6214 5.0303 6.2077 7.8826 4.8909 5.6528 
J-B 1526.4510 108.4228 231.6108 1178.3380 97.6391 158.6818 
Tab. 3 Examination Results of ADF Test 
 P2a1mon Up2a1mon Dp2a1mon P2a3mon Up2a3mon Dp2a3mon 
ADF  -15.5010 -15.5051 -9.8733 -18.2076 -14.8856 -11.8599 
1%  -3.4358 -3.4405 -3.4426 -3.4358 -3.4405 -3.4426 
5%  -2.8638 -2.8659 -2.8669 -2.8638 -2.8659 -2.8668 
10%  -2.5680 -2.5692 -2.5697 -2.5680 -2.5692 -2.5697 
 P3a1mon Up3a1mon Dp3a1mon P3a3mon Up3a3mon Dp3a3mon 
ADF  -14.8431 -15.2137 -9.3992 -17.8756 -14.2125 -11.7979 
1%  -3.4358 -3.4405 -3.4426 -3.4358 -3.4405 -3.4426 
5%  -2.8638 -2.8659 -2.8669 -2.8638 -2.8659 -2.8668 
10%  -2.5680 -2.5692 -2.5697 -2.5680 -2.5692 -2.5697 
Note: all concomitant probabilities are equal to zero. 
 
From the results of table 2, skewness of return is below zero, except P3a1mon Up3a1mon Dp3a1mon, and 
the kurtosis is over 3, which means the series are the leptokurtosis and fat tail, and JB statistic conclusions 
similarly. And all the series are stable, null hypothesis is rejected at the significant level of 1%. They could be 
modeling with stochastic volatility model. 
3.2. Parameters Estimations 
The MCMC method is used, with Winbugs software to estimate the parameters of stochastic volatility model, 
and the number of iterations is 10000. The results are in table 4. 
Tab. 2  the Results with SV models  
Route DIC Parameter Value SD MC error Route DIC Parameter Value SD MC error 
   -0.0228 0.3209 0.0081    -0.0202 0.3171 0.0065 
P2a1mon -5552.680  0.9005 0.0233 0.0025 P3a1mon -5208.910  0.8794 0.0232 0.0024 
  
 
1.1100 0.2706 0.0292   
 
1.1180 0.2635 0.0274 
   -0.0211 0.3257 0.0096    -0.0194 0.3103 0.0087 
Up2a1mon -3320.590  0.8023 0.0458 0.0051 Up3a1mon -3165.140  0.8187 0.0533 0.0058 
  
 
1.3800 0.2643 0.0284   
 
1.5540 0.3109 0.0337 
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   -0.02700.3147 0.0078    -0.0225 0.3194 0.0056 
Dp2a1mon -2215.850  0.8181 0.0473 0.0050 Dp3a1mon -2033.990  0.8606 0.0332 0.0033 
  
 
1.2830 0.3027 0.0315   
 
1.2380 0.2775 0.0268 
   -0.02350.3155 0.0071    -0.0231 0.3197 0.0057 
P2a3mon -5950.830  0.9020 0.0224 0.0023 P3a3mon -5631.340  0.9117 0.0176 0.0017 
  
 
1.0720 0.3054 0.0329   
 
1.0387 0.2132 0.0202 
   -0.02170.3131 0.0075    -0.0214 0.3167 0.0061 
Up2a3mon -3544.110  0.8164 0.0426 0.0046 Up3a3mon -3435.120  0.8344 0.0271 0.0027 
  
 
1.3590 0.3236 0.0342   
 
1.3940 0.3159 0.0331 
   -0.03100.3125 0.0060    -0.0234 0.3195 0.0065 
Dp2a3mon -2385.650  0.8520 0.0348 0.00360 Dp3a3mon -2181.230  0.8655 0.0329 0.0032 
  
 
1.1870 0.2638 0.0263   
 
1.1810 0.3428 0.0343 
Note DIC is Defiance Information Criterion MC error is Monte Carlo error. 
According to the table 4, the DIC is significant, which means the stochastic volatility model could characterize 
the trail of series well. And the MC error is smaller and far less than SD, which confirm it. The expression of the 
model is in the following.  
The stochastic volatility model expression of P2a1mon: 
2 , 1, ,
th
t ty e t T                                                                                      (8) 
ttt hh 1100.10258.09005.00228.0 1                                                 (9) 
The stochastic volatility model expression of Up2a1mon: 
2 , 1, ,
th
t ty e t T                                                                                     (10) 
ttt hh 3800.10211.08023.00211.0 1                                                (11) 
The stochastic volatility model expression of Dp2a1mon: 
2 , 1, ,
th
t ty e t T                                                                                      (12) 
ttt hh 2830.10270.08181.00270.0 1                                                 (13) 
The stochastic volatility model expression of P2a3mon: 
2 , 1, ,
th
t ty e t T                                                                                       (14) 
ttt hh 0720.10235.09020.00235.0 1                                                  (15) 
The stochastic volatility model expression of Up2a3mon: 
2 , 1, ,
th
t ty e t T                                                                                   (16) 
ttt hh 3590.10217.08164.00217.0 1                                                (17) 
The stochastic volatility model expression of Dp2a3mon: 
2 , 1, ,
th
t ty e t T                                                                                     (18) 
ttt hh 1870.10310.08520.00310.0 1                                              (19) 
The stochastic volatility model expression of P3a1mon: 
2 , 1, ,
th
t ty e t T                                                                                       (20) 
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ttt hh 1180.102017.08794.00202.0 1                                              (21) 
The stochastic volatility model expression of Up3a1mon: 
2 , 1, ,
th
t ty e t T                                                                                         (22) 
ttt hh 5540.101944.08187.00194.0 1                                           (23) 
The stochastic volatility model expression of Dp3a1mon: 
2 , 1, ,
th
t ty e t T                                                                                         (24) 
ttt hh 2380.10225.08606.00225.0 1                                                 (25) 
The stochastic volatility model expression of P3a3mon: 
2 , 1, ,
th
t ty e t T                                                                                 (26) 
ttt hh 0387.10235.09117.00231.0 1                                             (27) 
The stochastic volatility model expression of Up3a3mon: 
2 , 1, ,
th
t ty e t T                                                                                        (28) 
ttt hh 3940.102141.08344.00214.0 1                                              (29) 
The stochastic volatility model expression of Dp3a3mon: 
2 , 1, ,
th
t ty e t T                                                                                        (30) 
ttt hh 1810.102335.08655.00234.0 1                                             (31) 
3.3. Analysis of results 
According to compare to the results, there are following conclusions: Firstly, the market is fairly mature and 
stable. The  stands for degree of mature and stable of market, and the smaller of the absolute value, the lower 
of the long-term volatility. All the values are small, that is to say that FFAs market are mature over twenty 
years though changes remarkably. One feature is that the market includes more information, and could play a part 
in pricing discovery. Specifically, (a) the absolute value of s is lower than the s, also the 
p3a1mon and p3a3mon, which means that 1month market is more mature and stable than 3 month s, similarly for 
the increasing and decreasing volatility period. (b) The decreasing market is less mature and stable than the 
increasing in the same holding period, due to the market confidence and expected, and it is stable during 
increasing, for the good confidence and expected, of course it is the same in reverse.  
Secondly, volatility persistence is high. The stands for the volatility persistence, also a persistence of risks, 
and the higher of the value, the stronger of the persistence, that is also to say it includes more information. All the 
values are over 0.8, strong persistence. Specifically, (a) the value of s is over the s, also the 
P3a3mon and P3a1mon, which means that 3 months FFAs has strong persistence due to uncertainty, risks and 
information in longer holding period, similarly to the others. (b) There is stronger persistence in decreasing for 
the same holding period, for that there is higher risk in decreasing, and the time of inaction is longer than the 
flourishing, which is a trail the shipping market. 
Thirdly, the trading is active. The  is the disturbance coefficient, and stands for active degree of trading, the 
bigger of it, the more active of the market. All the values are over 1, and the trading of FFAs market is active. 
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Specifically, there is more active in 1 month, because it is easier to forecast the short-term market for the traders. 
And for the same holding period, it is more active for increasing, which could be verified by the trading volume 
in practice. 
4. Conclusion 
The paper research the volatility in FFAs market, with stochastic volatility model, by MCMC estimation 
method. And it is found that there are different volatilities in different phases and holding periods according to 
choosing route, Panamax 2a and 3a routes. 
According to the statistic results, it finds that all the series are stable, null hypothesis is rejected at the 
significant level of 1%. The parameters of stochastic volatility model show that the model could characterize the 
series well, and it gets that: (a) the market is fairly mature and stable; (b) volatility persistence is high; (c) the 
trading is active. Comparing the increasing with decreasing, it is found that there are higher stable and active, 
lower persistence. There are the similar conclusions comparing the 1 moth with 3 moths. The conclusions show 
that the volatilities are relative to holding period and phases. 
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